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NATIONAL ADVISORY COCMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO. 1329

TATL-TESICN REQUIREMENTS FOR SATISFACTORY SPIN RECOVFRY
FCR PERSONAL-OWIER -TYFE LIGHT AIRPTANES

By A. I. Neihouse
SUMMARY

The design requirements for eairplane tnil surfaces that would
provide effective control for satisfactory recovery from fully
developed spina of personal-owner-type light alrplener heve been
determined frcm an analysic of the cheracteristics of epproximstely
60 models proviovsly tested in the Langley epin tunnels. Although
thore mcdels did noi reprcsernt rctual personal-owner sircrri't they
hed proportions of mase snd dimensioncl charecteriotics representative
of many eirplanes in the personal-owner category.

A chart is prosented that ehows an empiricsl relationship
between a tail-design porameter, relative density end relative mass
distributicn cf the airplens recuired for satisfactory recovery from
fully developed spins.

For airplenes having values of relative density of 5 or leas
at the spin altlitude,the tail-damping powsr factor required to insure
gatlsfuctory recovery by rudder reversgl alone ranged from the gmall

valuo 50 x 10 -6 to the value 300 « 1o'°, spproximately, £s the inertia

yewing-moment parameter veried from =120 x 1077 to 120 x 10 -l&_

For airplenes having values of relative density between 6 and 10 at
the spin altitude, the required teil-~damping power factor was lerger 6
fer correspondlng values cf maso distribution, ranging from 200 x 107

to 600 » 10 ".’. If rudder rovercal was followed by meving the elevator
down, the tail-dempin; power faclaors requix:ed fcr the entire rango of
mase distribution ccnsidered were 50 x 107° and 200 ». lﬁ's, or lens,

for airplenes having veluec of relutive density of 6 £nd 10,
respectively.




TI"IROTUCTION

Sp’n invest'gaticns heve been conducted in tho Langley 15-foot
nnd 20-foot free-splnning tvnnels on approxiuetely 150 different air-
vlane dooi,rs to determine tie snin end recovery choracteristicn of
airplenes in fuliy developed rpina. Approsiretoly (0 of the devigna
tested had ratios of wing lcading to wing span that ere ccnaidered
typlcal of alrpleros in the perscnal-ovner category (see fig. 1)
and the results of *ests e thozo modols hrve buen epplied to the
light-airplano spin problem. In crder to provide effective centrol
for satisfactory roccvery from fully develcped spins of peracnal-
owrer-typo elrrleros,a design reouirement has been set up baced on
tho seme factora concidersd in determining the deeign requirement
for military airplanes previously reported in roference 1. As before,
for difforent values of eirplane relstive deusily, values of tail-
dunping power factor have bezn pletted egalnat a nondimensional
exprozsion for the diflererce in momente of inertia ebout the
airplane X end Y e&xec, rnd reciors of setlefactory and uneatlsfactory
recoveries have been dofined cn the bacis of resulty of the spin
investizaticna cf the mudele considored.

SYNBOLS

engle of azttack, degrees

eir density at » given altitude

oir dengity et sea level (0.002:78 sluz per cu ft)

oir density &t an eltltudo of 5000 feet (0.0C20k9 clug
per cu ft)

1.16

area, pscuare feet
wing spen, feet
weirht, pound

eccsleration of grovity (52.17 £t per zec”)
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mass, slugs (W/z)

W
13.17F
airplane relative donsity (m/pSb) & at ses level

Iy, Iy moments of inertia about X and Y eirplane axes, respectively,
elug-fcet2

Ix ° X inertia yawinge-moment parameter
e

TDPF tail-demping power factor (see fig. 2)
TIR tail-damping retioc (see fig. 2)

URVC unshielded ruddsr velume coefficient (see fig. 2)
METHODS

[

The analyeis was mede by plotting the tail-damping power factor
as & function of the inertia yewing-moment parameter for each model
considered. Lines were then drewn on the plots separating models
possessing satisfactory cheracteristica from those possessing
unsatisfactory characteristics as regards their ability to recover
from fully developed, or ertabliched, spins by reversal of rudder
alone and by reversal of both rudder and elevator. Plots wers made
for two relative-density ranges.

Testa

The recovsry data used were cbtained from routine tests madas in
the Langley 15-foot and 20-foot free-spinning tunnels. The methods
for making these tests are described in reference 2. In rocent
ysars, however, the method of launching the mcdel has been changsd
frou launching from & spindls to leunching by hand with spin rotation
into the vertically rising air ctream. Also, the clockwork mechanism
has been replaced with a remote-controlled magnetically actuated
mechanism. The data considered epply only to the model in the so-«
called clean condition, that is, with flaps up and landing gear
retracted (except in cace of fixed landing gear). Only conventional
monoplenes produced during the yeara from 1935 to 1945 were
consldered in this investigation.
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Results obtained by rudder reverscl alone are prosented because
recovory from tho 3pin can quiite olten be accomplished by this method.
Spin-tunnel experience has indieated, howover, that as the relative
m183 distribution along the wings is iucreased, the ruddéer loses
effecti-eness as a neana of terminatiag the spin and the elevator
gains eifoctiveness. Results cbtained by reversal ol toth rudder
and elevator are, taerefore, al3o presented. Reversal ol botn
rudder and olevator for reeovery in the spin tunnel i3 made siml-
taneously becauso of limltatfons of the recmote=-control mecnznism used
for recovery tests. For recovery from airplane spins, however, the
generally reeomuended proeedure is that rudder revercsal precode
movement of the clevator down by epuroximately 1/2 twrn in the spin.
Movenent of tlie ele.ator Cown promaturely may shield the rudder and
thus deecrease 1to eifTociiveness.

Factore Cencidered

As proviously wmeniioned, in setting up the design requirement
tne factors consicered vero alrplane relative densiily, tall-damping

powor Tactor, and inertia yawing-mowent parameter.

Relative density ia an indicetion of the interaection of the
inertia and aerodynamiec forees und momente acting during the spin
and. recovery. In order to determine the values of relative
density # typical of light airplanes, wing loadings W/S were
Plotted ageinst wing spanas b considered representative of light
airplanes. Current trends indieateé¢ that wing spans varied from 29
to 4O feot and wing loadings varied from approximately 6 to 24 pounda
per aquare foot. The corwvesponding valuos of relative density, for
noa~level air density, varied from ap.roximately 2 to 9 (fig. 1).

Tail-damning power factor TIPF is an empirically determined
parameter and 1t3 valuo 13 an indicaticn of the effeetivenesa of the
vertical teoil in terminating o spin. The nethod of computing 1it,
as explained in reference 1, 1s i1llustrated in figure 2. For models
having twin vertical taills at the ends ol thne horizontal tail, the

utaide tail (left vertical tail in a right spin) is considered
oxtremely effective in ‘ermilnating the snin and tne eatire fin and
ruddor eroa 18 considered wnshilelded. The inside vertical tail is
eonsidered in the normal manner in determining the effective fin

and rudder aroa. Any existing lfuselage area bslow the horizoatal
talil is also considered in the ncrmel manner. If the vertical taila
are not at the ends of the horizontal tail, the unzhielded effective
1reas are detormined by draowing the usual wake lines from the leading
and trailing odgos of the horizontal tail.
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I -
The inertis yawing-mcment par=rmeter 5 plotted as the
mb
abscissa of figure 3 is an indicaticn of how the mass is distributed
in the eirplene, that is, whsther there is more mass distributed
along tho wings or more along the fuselage. Incressing values of
the paresmeter indicate increased distribution of mass along the wings
or decreased distribution along the fuselege. As indicated in
reference 3, this parameter may be used as an aid in predicting the
effect of controls during the spin or rocovery.

Ranges of values of the relative density and the inertia yawing-
moment parsmeter selected were connidered to be rspresentative of
the personal-owner type airplenes currently bsing produced or
contemplated.

Analysis

In the enalysis of the data the models that exhibited satisfactory
recovsory characteristics were separated from those that exhibited
unsetisfactory characteristics. The criterion for satisfactory
recovery used for military uirplenes in reforence 1 was modifiecd
somswhat in consideration of light airplanes, partly because of
insufficient existing data end partly because of the desirability
of a more rigid criterion for safety of light airplanes. For this
investigation, recovery cheracteristics of a given design wers
considered natisfactory if recovery by full rapid rudder reversal

took place in 23—; turne or less for all elevator settings when

ailercns were neutral. At sny elevator setting other than full
down, recovery charecteristics were still ccnsidered satisfactcry
even though mevement of the elevator full down was required in

conjuncticn with rudder revsrsal if recovery took place in 2‘% turns

or less. Although only ailcron=neutral recults were considered in
the current investigation, aileron deflection in the epin may

groetly affect recovery characteristics. As indicated in rcference 3,
the aileron effect in the spin will probably depend upon the mass
distribution of the airplene znd unless the probable aileron effsct
is known, ailerons shculd be left at neutral during the opin end
recovery.

The regions of satisfactory and unsetisfactory recoveries were
separated by two linee, one for recoveries by rudder rcversal alone
and the other for recoveries by reversal of both ruddsr and elevator.
The lines, in general, wore drawn above the highest value of tail-
damping power factor that gavs unsatisfactory recovory or below the
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to insure satisfactory recovery regerdlese of mess distridution if
ruddor reversal was followed by moving the rtlck fommrd. ¥or
recovery by rudder reverasel alone, however, the tail-derpins powor
factor required wac es mich 8s 300 x 1077, aporox cimately, for loadings
vhere the mass distributicn was reletively heavy elong the

vings (i—;—y =120 % 107%). For heavier airplanes
mb

(1 epproaching 10), it became increasingly impertent to concider

the provicion of a sufficiont velue of teil-damping power fector

to insure satisfactory recovery. For satisfactcry recovery by

rudder roversal elone, the teil-danmping power factor required variol

from 200 » 100 to 600 x 1070 &5 the cc rrespending value

e Al §

-l =
of T varied from =120 :* 10 = %o 120 X 10 h. For these casea,
mb
it was indicated that mcvement of the elevator down would ucuelly
te of appreciable essilotonco in termlnatinb the ooin and the teil-

dauping power factor required wes 200 x i0 °, or lomg, over the range
of maso distribrtion considered. Aus a2 facter of Eu“et,/ howover

it 1s conridered dosirable thet a sufficiently lar.s value cf ‘cail-
damping power factor be provided to terminate the cpin without tho
esciotance of the elevator.

CONCLUSIONS

From spin-turnel teste of epproximetely 60 airplane models
considerod typical cof personal-owner-iype airvlancs an enalysis heg
been made to determine the tail desisn requirements for oatisfactory
recovery from fvlly developed cpirs. The analysis indlcated that:

1. The minimum value of teil-damping power factor which would
allow satisfactory recovery by roversel cf rudder increcsed with an
increzse in the value of airplane relet!ve density snd with increased
rolative distribution of maes along the wings.

2. For airplanes having values of reletive dencsity of G or leee
et the spin eltitude, the tail-denping power factor required to insure
satisfactory recovery by rudder reversal alcne ranged from tho smsll

value of 50 » 10 -5 to a value of 300 x ‘c % a2 the Inertia yawing-

moment porameter varied from =220 x 10 * to 120 x 10 "‘. Az the
relativo density ot the epin altitudo increassed to 10, tho te 11-

damping power factor required renged from 200 ¥ 10 ~5 4 600 x 1070
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